Abstract Where people and livestock live with predators there is often conflict that can lead to lethal control of predators. We evaluated attitudes of local people towards large predators and developed a novel index of tolerance by quantifying the number of livestock respondents would be willing to lose before killing the predator responsible. We interviewed 416 subsistence livestock farmers (community members) and commercial livestock ranchers in central Kenya. Commercial ranchers had more positive attitudes and higher tolerance than community members. Community members said their tolerance would increase if they were to derive income from ecotourism or trophy hunting. We found that community members with land title deeds were most tolerant of predators, stressing the importance of land security for conservation efforts. Subsistence livestock farming is the primary land use throughout much of Africa and, as a result, identifying strategies to improve tolerance of predators under this land tenure system is of major conservation significance.
Introduction
Large carnivores are among the most difficult species to conserve because they tend to occur at low densities, range widely, and can conflict with human interests (Linnell et al., 2001; Macdonald & Sillero-Zubiri, 2002) . Population sizes and distributions of large predators are declining in Africa, and some species are increasingly limited to protected areas. For example, after disappearing from most of their former range the estimated c. 40,000 (Chardonnet, 2002) or 16,500-30,000 (Bauer & Van Der Merwe, 2004) wild African lions Panthera leo now occur only in sub-Saharan Africa, and African wild dogs Lycaon pictus have been extirpated from 25 of the 39 countries they once inhabited and now number ,5,800 individuals (Woodroffe et al., 2004) . For some predator species, particularly those that range widely, lethal control of animals found outside protected areas has even resulted in extirpations of populations occurring inside protected areas (e.g. wild dogs; Woodroffe & Ginsberg, 1998) .
Human-wildlife conflict can arise when wildlife clashes with the goals of people (Madden, 2004; Woodroffe et al., 2005b) . Lethal control has been a key factor causing the decline of predators in Africa (Woodroffe & Ginsberg, 1998) , historically in the form of state sponsored eradication programmes (e.g. wild dogs in Zambia; Buk, 1995) , and more recently because of conflict with farmers over livestock or game. For example, lions are killed in Kenya because of their impact on livestock (Woodroffe & Frank, 2005) , and cheetahs Acinonyx jubatus (Marker et al., 2003a) and African wild dogs (Lindsey et al., 2005) are killed on southern African game ranches because of their perceived impact on livestock and wildlife populations.
Throughout Africa, rising human population sizes result in increased pressure on wildlife populations from the bushmeat trade and habitat destruction (Awere, 1996) . In Kenya human population growth is 3.8% per year (Lang & Bolig, 2005) , resulting in acute pressure on wildlife and habitats. More than 70% of Kenya's wildlife is found outside protected areas, in privately-and communally-owned land (Grunblatt et al., 1995) . These wildlife populations are of key importance for conservation and for the persistence of Kenya's primary industry, tourism (Ottichilo et al., 2000) .
Assessing attitudes of people living with wildlife and identifying the determinants of these attitudes are important for conservation planning. Several studies have assessed people's attitudes towards predators in Europe (Bjerke & Kaltenborn, 1999; Ericsson & Heberlein, 2003) and the USA (Pate et al., 1996; Naughton-Treves et al., 2003a) , but there have been fewer such studies in Africa, most of which have focused on local citizens' attitudes towards protected areas and access to natural resources (de Boer & Baquete, 1998; Infield, 1998; Gillingham & Lee, 1999; Archabald & Naughton-Treves, 2001; Infield & Namara, 2001; Picard, 2003; Weladji & Tchamba, 2003) . The few studies that have evaluated attitudes towards predators focused on only commercial ranchers (Marker et al., 2003b; Lindsey et al., 2005 ; but see Bauer, 1995) , and none of these studies have quantified the tolerance for livestock losses to predators.
We assessed attitudes of subsistence pastoralists and commercial ranchers towards predators in central Kenya to investigate threats to carnivores and identify possible solutions for promotion of long-term coexistence between people and predators. We explore the viability of ecotourism and trophy hunting for achieving coexistence. Our analyses are partly based on a novel index to measure tolerance for livestock losses. We examine attitudes and tolerance relative to socioeconomic factors, livestock losses, and land uses. The results are potentially applicable to the development of conservation strategies for large predators occurring outside protected areas throughout Africa.
Study area
Our study area in central Kenya (Fig. 1) is dominated by livestock but contains significant wildlife populations (Mizutani, 1999) . Wildlife in Kenya is owned by the state and not by landowners, as is the case in some southern African countries (Bond et al., 2004) . Conflict between people and wildlife is one of the main threats to the persistence of wildlife in this area, which is home to significant populations of cheetahs, jackals Canis mesomelas, lions, leopards Panthera pardus, spotted hyaenas Crocuta crocuta, striped hyaenas Hyaena hyaena, and African wild dogs. These predators occupy a mosaic of land uses, including subsistence pastoralism, smallscale agriculture, commercial livestock ranching, and privately-owned ranches reserved for wildlife conservation. Most of this land is unfenced, and thus wildlife can move freely.
Throughout the area livestock owners practice traditional livestock husbandry such as herding and keeping livestock in corrals at night (Frank, 1998; Ogada et al., 2003; Woodroffe et al., 2005a) . Thirty-four of the 48 privately-owned ranches have large-scale commercial activities. Interspersed with commercial ranches are Questionnaires were designed to assess respondents' attitudes towards and tolerance for livestock losses from cheetahs, jackals, leopards, lions, spotted hyenas, striped hyenas, and wild dogs. We trained six Community Liaison Officers from local non-governmental organizations and three research assistants who conducted interviews in their native languages in areas where they lived and worked. Interviewers periodically monitored one another's interviews to promote consistency. Interviewees were randomly selected in villages (e.g. every third home) and at market gatherings until the minimum sample size of 400 was reached. Multiple interviews were conducted in some locations where people from a wider area congregated (e.g. markets), and thus the map of interview locations (Fig. 1) underestimates the geographic coverage. To ensure familiarity with predators, interviewees were shown colour illustrations, before each interview, of large predators in the area, and behaviours of each were discussed (e.g. diurnal vs nocturnal, group living vs solitary). People who have experienced depredation may exaggerate losses (Rasmussen, 1999) . To minimize potential exaggeration respondents were told, before each interview, that information collected would be anonymous, was part of a research study, and responses would not influence policies such as taxes or compensation.
The survey aimed to assess attitudes towards predators by asking whether people preferred to have each predator on their land (yes or no), tolerance by asking for the number of cattle and shoats respondents were willing to lose before trying to kill the predator responsible, and what tolerance was 20 years ago. We asked for suggestions to promote coexistence between people and predators, numbers of livestock killed, retribution killings of predators in the last year, and opinions on legalizing trophy hunting (banned in Kenya since 1977). We recorded socioeconomic data including age, gender, ethnic group, years of formal education, and income source, and property characteristics including land use and presence of wildlife conservation areas (Table 1) .
We used multivariate logistic regressions to analyse tolerance in relation to socioeconomic and property characteristics. Model selection was by backward stepwise regression, with the software JMPIN (SAS Institute, Cary, USA).
Results

Desire to have predators
We analysed responses from commercial ranchers and community members separately because significantly more commercial ranchers desired predators on their properties (cheetah x 2 5 26.38, P ,0.01; jackal x 2 5 26.65, P ,0.01; leopard x 2 5 25.94, P ,0.01; lion x 2 5 22.78, P ,0.01; spotted hyena x 2 5 57.88, P ,0.01; striped hyena x 2 5 57.73, P ,0.01; wild dog x 2 5 27.81, P ,0.01; Most community members had negative attitudes towards predators and the most disliked predator was spotted hyena (Fig. 2) . Community members had positive attitudes towards some predators if their primary household income came from tourism (Table  2 ). Maasai and Samburu were more positive towards all predators than other tribal groups (Table 2) . Land tenure had a significant effect on community members' attitudes towards all predators apart from cheetah, with group ranch members most positive towards carnivores and squatters least so (Table 2 ). Respondents with tourism or plans to set aside a conservation area had positive attitudes (Table 2) .
Tolerance and lethal control
Some interviewees stated they would not kill predators responsible for depredation, no matter how much livestock was lost (Fig. 3a) . Commercial ranchers had higher tolerance than community members for all predators apart from lions, which both groups were equally likely to kill in response to depredation (cheetah x 2 5 35.21, P ,0.01; jackal x 2 5 8.81, P ,0.01; leopard x 2 5 8.18, P ,0.01; lion x 2 5 0.28, P 5 0.60; spotted hyena x 2 5 21.03, P ,0.01; striped hyena x 2 5 42.74, P ,0.01; wild dog x 2 5 19.50, P ,0.01). Thirty-eight percent of interviewees owned livestock 20 years ago and, of those, 31% were more tolerant now and 6% were less tolerant now (Fig. 4) .
Only one commercial rancher had a kill on sight policy, and that was for spotted hyenas (Fig. 3b) . There was no influence of socioeconomic characteristics of commercial ranchers on tolerance. Ranchers on land with tourism as the primary source of income had higher tolerance for cattle (Table 3) and shoat (Table 4) losses to some predators compared to ranchers who relied on livestock for income.
Community members' mean tolerance was less than one cow or shoat to each predator (Fig. 4b) , and 79% of respondents had a kill on sight policy. Community members with income from tourism and those with more education were more tolerant of shoat losses to some predators (Table 4) . Contrary to expectations, if the interviewee had lost livestock to any predator in the previous year, reported tolerance for cattle (Table 3) and shoat (Table 4) attacks was higher for some predators compared to interviewees who had not lost livestock. Community members who experienced depredation in the last year were more likely to have killed predators than people who had not lost livestock (x 2 56.05, P 5 0.01). Lethal control was not a reflection of degree of livestock losses; people who lost fewer livestock were more likely to have killed predators than those who lost more livestock (x 2 5 5.46, P 5 0.02). Community members living on group ranches were more tolerant of cattle (Table 3) and shoat (Table 4 ) losses compared to those living on government-owned land or squatters. Presence of tourism and wildlife conservation areas led to higher tolerance for wild dog attacks (Tables 3 & 4) . Of community members, 7.7% would set wire snares to kill predators compared to 0% of commercial ranchers. Only one commercial rancher would use poison to kill predators compared to 168 community members (x 2 5 13.40, P ,0.01).
Coexistence with predators
All commercial ranchers felt that coexistence between people and predators was possible. The most common response given (by 22% of ranchers) about ways to promote coexistence was to begin trophy hunting. Seventeen percent of respondents said that any income from wildlife would promote coexistence, and 17% felt that improved livestock husbandry techniques would allow coexistence. Forty-two percent of community members stated that coexistence was not possible. The second most common response (20%) was to receive income from wildlife through tourism or trophy hunting. Fourteen percent suggested financial compensation for livestock killed by predators.
When asked directly about legalization of trophy hunting, only two ranchers did not support trophy hunting. There was no influence of socioeconomic characteristics on whether ranchers supported trophy hunting (whole model x 2 5 2.88, P 5 0.24). Half of community members supported trophy hunting. Older community members wanted hunting (x 2 5 7.80, P ,0.01; whole model x 2 5 56.70, P ,0.01), mentioning employment opportunities. Those with tourism did 189 
Discussion
Attitudes were most positive and tolerance was highest among commercial ranchers. These findings are not surprising given the relative wealth of commercial ranchers compared to community members. Commercial ranchers in the study area own an average of 1,536 cattle and 310 shoats, whereas community members own an average of 8 cattle and 64 shoats (R. Woodroffe, unpubl. data) . According to reported losses in the previous year, commercial ranchers lost 1.5% of their cattle and 9.8% of their shoats to predators, whereas community members lost 14.7% of their cattle and 7.9% of their shoats. Community members, therefore, lost 10 times more of their wealth in cattle compared to commercial ranchers. However, 30% of commercial ranchers received no monetary benefits from wildlife and no income subsidies, and livestock ranching was their only source of income.
Commercial ranchers were least positive towards lions. According to rancher reports lions killed three times as many livestock compared to the next most costly predator, spotted hyaena. Ninety six and 11% of ranchers lost livestock to lions and hyaenas, respectively, in the previous year. Our findings accord with results from a 1967-1968 survey of commercial ranchers in Laikipia, which showed that 90% of ranchers stated a generally tolerant attitude towards wildlife in reasonable numbers, with lions being identified as the least popular predator (Denney, 1972) .
Commercial ranches are interspersed with communal land, where people are generally less tolerant of predators, highlighting the necessity for outreach to promote survival of wildlife. Commercial ranches cover 40% of Laikipia's 9,667 km 2 but are rare in the neighbouring districts, suggesting that current prospects for predator conservation in Laikipia are higher than elsewhere. Tolerance for predators has increased compared to 20 years ago among both commercial ranchers and community members. Kenyan commercial ranchers hold more positive attitudes than their southern African counterparts (Lindsey et al., 2005) . Recently there have been claims to commercial ranch land by Masaai who were moved from their ancestral land during the colonial era. Our data suggest that the conversion of commercial ranch land to communally-owned land or subdivided plots to be utilized for subsistence livestock farming will have negative consequences for predator conservation as community members are likely to be less able to absorb livestock losses.
Granting land ownership may improve attitudes towards wildlife in communally-owned areas. We found positive attitudes and higher tolerance among group ranch members compared to respondents without land ownership, as did Infield & Namara (2001) . Promoting group land ownership allows individuals to share risk of loss and could have positive implications for predator conservation over large areas in Africa (Naughton- Treves & Treves, 2005) , and is a management strategy that has resulted in improved coexistence between people and wildlife elsewhere (e.g. Peru; Naughton- Treves et al., 2003b) . Group landowners can potentially use title deeds as collateral to obtain loans (for example, for the development of tourism infrastructure), and the land area encompassed by a group is more likely to be of suitable size for wildlife conservation than small, individually-owned plots. In our study area NGOs and commercial ranch owners have helped communities gain title deeds to their land. However, land ownership is not sufficient in isolation to promote wildlife conservation. For example, group land ownership near the Maasai Mara in Kenya led to land development and reduction in wildlife numbers caused by landowners not receiving adequate economic return from wildlife (Norton-Griffiths, 1996 , 1997 .
All native large predator species are present on communal lands in the study area, despite reported low tolerance. Fifteen percent of community members reported that they had killed predators in the previous year, a figure much lower than the 79% claiming to kill predators on sight. In recent years lions have suffered high mortality from poisoning on community land (L. Frank, pers. comm.) . However, wild dogs show comparable population densities and mortality rates on communal lands and commercial ranches, and populations are expanding on both land use types (Woodroffe et al., 2007b) . The discrepancy between stated intentions and actions could result from a number of causes; for example, people may not often encounter predators, they may be unsuccessful in their attempts or unable to kill predators, or they may fear legal recriminations. Our results highlight some potential ways to improve attitudes to and tolerance for predators. Community members indicated their attitudes towards predators would improve if they were to receive income from ecotourism, and community members with tourism had positive attitudes. Charismatic megafauna are the most popular species among foreign visitors to wildlife areas (Goodwin & Leader-Williams, 2000) , and thus communities with predators on their land and viewable wildlife have potential to generate income from tourism. However, areas lacking high densities of wildlife or spectacular scenery may not be able to benefit, and initiating ecotourism on communal land generally requires significant donor input to permit the development of infrastructure and provide training (Kiss, 2004) .
Trophy hunting is another means of generating income and thus incentives for conservation, and can be conducted in areas with relatively low densities of wildlife and where people and livestock occur (Lindsey et al., 2006) . Trophy hunting has particular potential in Kenya because the country is viewed as the home of trophy hunting in Africa (Lindsey et al., 2006) . Such hunting has the potential to improve tolerance towards predators, given their high trophy values (e.g. USD 23,646 trophy fee for a lion in South Africa; Damm, 2005) . We found that younger community members had mixed views regarding trophy hunting, which may have arisen from anecdotes about the previous poorlyregulated hunting industry in Kenya (Outoma, 2004; Booth, 2005) . Trophy hunting has, however, been successful in creating incentives for conservation in communal lands in the Central African Republic, Namibia, Tanzania and Zimbabwe (Lindsey et al., 2007) such that some communities have opted for the formation of wildlife areas for trophy hunting instead of agriculture (Lewis & Alpert, 1997) . Furthermore, there is considerable interest among US hunting clients in hunting problem animals, such as repeat livestock killers, in Africa (Lindsey et al., 2006) .
We found no influence of benefits shared among the community as a whole on tolerance towards predators. When people do not receive benefits they have been promised, or perceive that only outsiders are benefiting, attitudes may become worse (Western, 1994; Walpole & Goodwin, 2001; Mishra et al., 2003; Walpole & Thouless, 2005) , and there is an increased understanding that benefits must accrue to individuals to be effective (Archabald & Naughton-Treves, 2001; Walpole & Goodwin, 2001; Walpole & Thouless, 2005) .
Providing financial compensation to alleviate livestock losses to predators has been undertaken because it could improve attitudes and increase tolerance (Nyhus et al., 2005) . In Kenya, compensation was awarded by the government, private donors, and NGOs but such programmes are no longer in existence (Outoma, 2004) . In some areas in Kenya compensation policies led to overstocking and, as a result, increased conflict with predators and wild ungulates for grazing (Prins, 2000; Bulte & Rondeau, 2005) . In the USA compensation for wolf depredation did not increase tolerance (Naughton- Treves et al., 2003a) . Ferraro (2001) suggested that direct payments (e.g. paying for occupied wild dog dens) can have the largest impact on individuals' conservationrelated behaviours, and can give more cost-effective conservation outcomes than trophy hunting or ecotourism (Ferraro & Kiss, 2002) .
Finding methods to reduce livestock losses to predators may improve predator tolerance. Community members who lost livestock to predators in the previous year killed more predators (see Ogada et al., 2003 for similar findings from commercial ranchers), which suggests that lethal control is not simply because of an unjustified dislike for predators. Half of community members would use carcass poisoning to kill predators, which typically affects many more species and individuals than the target animal, and has serious negative implications for wildlife conservation. Thus, finding methods to reduce livestock losses (e.g. livestock husbandry, Kruuk, 1981; Ogada et al., 2003; Treves & Karanth, 2003; Jackson & Wangchuk, 2004; Woodroffe et al., 2007a ) is of key importance for the conservation of predators and wildlife in general. Setting aside small conservation areas to conserve wild prey is another potential means of reducing livestock losses (Woodroffe et al., 2005a) .
Predators have been found to kill livestock in areas where livestock densities are higher than wild prey densities (Woodroffe et al., 2005a; Bagchi & Mishra, 2006) and therefore reducing livestock densities could reduce attacks by predators. Reducing stocking densities has the potential to increase the sustainability of livestock production, improve the quality of livestock, increase the carrying capacity for wild prey, and thus increase the potential to generate revenues from tourism or hunting. High stocking rates often result in overgrazing, decreased vegetation, and reduced carrying capacity (Hardin, 1992; Pimentel & Kounang, 1998) . However, livestock has been an integral part of African cultures and economies for centuries, and thus encouraging reduced stocking densities would be difficult, especially in communally-owned land (Dregne, 1983) and may require educational campaigns to show that wildlife-based land uses such as tourism and hunting have the potential to generate greater revenues than livestock rearing alone (Prins, 2000) .
Our study has revealed potential means to promote coexistence between predators and local people in Africa's rangelands. Improved attitudes and increased tolerance may be best achieved through conservation education, developing means to reduce livestock losses, and generation of financial incentives for predator conservation that reach individuals. Our results are timely as they coincide with Kenya's wildlife policy review. We have used our results as a basis for urging policy makers to consider options for its citizens to benefit from wildlife, thus providing incentives for conservation.
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